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We have been unable to find any references in the literature  to the 
transplantation  of fragments  of spleen  to  parts  of  the  body widely 
separated from the normal neurovascular field of this organ in addi- 
tion  to  those  referred  to in  1917.  At  that  time  1, 2 we reviewed the 
literature and reported our first experiments with spleen homeografts 
and  autografts  in  fifteen  rabbits.  The  present  paper  includes  the 
data  of  further  experiments with homeografts and  with  autografts, 
together with certain  general  physiological  reactions  relative  to  the 
spleen which this study has emphasized. 
Method. 
The method  consists of transferring  small  fragments  of the spleen 
roughly 2 by 2 mm. to the subcutaneous tissues of the abdomen under 
strict  aseptic  precautions.  The  tissue  to  be  transplanted  was kept 
in  isotonic  salt  solution  at  temperatures  varying  between 36  °  and 
39°C.  Sometimes the tissue was transplanted  within  a  few minutes 
after removal,  while in others it was kept in salt solution as long as 
3  hours.  The  fragment  to  be  transplanted  was  rinsed  in  the  salt 
solution, but no other attempt to remove contained blood was made. 
1 Manley,  O. T., and Marine,  D., The transpl,'mtafion of splenic tissue into 
the subcutaneous fascia of the abdomen in rabbits, Y. Exp. Meal., 1917, xxv, 619. 
Marine, D., and Manley, O. T., Influence of age on the permanence of subcu- 
taneous autografts of the spleen in rabbits, Proc. Soc. Exp. Biol. and Med., 1916- 
17, xiv, 123. 
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After  making  a  transverse  abdominal  skin  incision approximately 
2 cm. in length, usually one on each side of the umbilicus, the subcu- 
taneous  fascia  was  lifted with  fine  forceps  and  an  area  free  from 
blood vessels was punctured with a  cataract knife, the tissue intro- 
duced,  and  the  fascial  opening closed  with  a  ligature.  The  skin 
incision was  sutured and  sealed with  celloidin.  All oi3erative pro- 
cedures  were  carried  out  under  ether  anesthesia.  All  subsequent 
examinations were  direct  (autopsy  or operation).  If the examina- 
tion was made by  operation, ether  anesthesia was used,  and with 
aseptic precautions the skin  was incised,  the graft or  its  site  was 
exposed, measurements were taken, the graft was removed for micro- 
scopic examination or left in  situ,  and the skin closed with suture 
and  sealed  with cdloidin.  The  intervals between examinations are 
given in  the tables.  This  technique has been employed in  all our 
transplantation work with ductless  gland tissues. 
Both homeografts and autografts were studied in rdation to  tak- 
ing and growth or regeneration, in relation to age of the animals, and 
in  relation  to  partial  and  complete removal  of  the  spleen  and  to 
permanence of the grafts. 
ttomeotransplantcttion. 
The data of the experiments are given in Table I.  Only the rabbits 
which had not been subjected to previous homeografts of any tissue 
are  included in  the  table.  This  was  done to  avoid  the  untoward 
effect of active immu~'ty which such grafts produce and to render 
conditions as favorable as possible for taking and growth.  Notwith- 
standing  this  important  precaution  not  a  single  graft  was  found 
active after the 30 day period, a period arbitrarily chosen, but some- 
what longer than  the time necessary for the full development and 
destructive  effect  of  the  active  immunity.  The  exper[ments were 
not  studied  from  the  standpoint  of  determining how  rapidly  the 
grafts were destroyed, though by comparison they show very clearly 
that the destruction of spleen is much more rapid than that of thyroid 
tissue transplanted under the same conditions.  Thus in a large number 
of routine homeotransplants of thyroid we have obtained about 10 per 
cent active at the end of 30 days, though ultimately (in the course of DAVID  ~ARINE  AND  0.  T.  M.ANLEY  I15 
60 to 90  days)  these also might be  destroyed.  These observations 
indicate that spleen tissue produces a high degree of immunity more 
quickly than does thyroid. 
The well established favorable factor of blood relation in the trans- 
plantation of certain tissues was also utilized in the hope that grafts 
might survive beyond the J0  day period, but with spleen we were 
unsuccessful.  The antigenic power of spleen, then, is very high and 
on a level with that of other hematopoietic tissues.  In a few instances 
in which the grafts were examined at the 7th, 8th, and up to the 16th 
day, active splenic tissue, well established blood supply, and evidence 
of growth were found.  This is observed generally with homeografted 
tissues.  Many literature reports of positive homeografts of tissues 
are misleading because they have emphasized or reported only this 
early stage.  Effective immunity to foreign proteins in general does 
not  become  manifest  until  the  8th  to  10th  day,  as  shown  by 
studies  on  anaphylaxis.  Within  this  period  homeografts  usually 
take and often show growth, while after tb~ period rapid destruction 
takes  place.  Different  tissues  show different rates  of  destruction. 
In our experience lymphoid (lymph gland and thymus) and splenic 
tissues undergo destruction more rapidly than thyroid, and thyroid 
cells  more rapidly than cells  rich  in llpoids, as  adrenal  cortex and 
interstitial cells of the ovary and testis.  Associated with this destruc- 
tion there is the well known infiltration or invasion of the graft with 
lymphoid cells.  Much importance has been assigned to this phenom- 
enon and  some authors,  notably Murphy and his coworkers,  3 have 
claimed for it a  primary importance in the death and destruction  of 
homeografts.  We cannot subscribe to th/s view.  We believe that 
the primary in  iury is due to the action of antibodies  and  that  the 
lymphoid cells are attracted to the site secondarily, and in response 
to a special low grade irritation which injured cells  set  up.  Loeb  4 
and  Sittenfield  s also have  expressed the view that lymphocytes are 
not primarily concerned in the destruction of foreign proteins. 
s Murphy, Jas. B., and Morton, J. J., The lymphocyte in natural and induced 
resistance to transplanted cancer.  II, ]. Exp. Med., 1915, x~ii~ 204. 
4  Loeb, Leo, Multiple transplantations of the thyroid and the lymphocytic 
reaction, J. Med. Research, 1918-19, x,~ix~ 71. 
Sittenfield, M. J., The significance  of the lymphocyte in immun/ty to cancer, 
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Effect of Age.--This  factor has no  appreciable influence.  In this 
series rabbits  of known age and parentage,  varying from 26  to  168 
days, as well as a large number of adults of different but known ages, 
were used.  In no instance did the graft survive the 30 day period. 
Variations in the rate of destruction depending on age must be ex- 
pected, but  their detection in  the case of spleen would require fre- 
quent  examinations within  the  30  day  period.  Further  attempts 
were made to  determine whether splenectomy, partial  or complete, 
had  any effect.  No  noteworthy difference in  the outcome even in 
young rabbits was detected whether the spleen was intact, or partially 
or completely removed at the time of, before, or after transplantation. 
The  experiments  do  not  eliminate  the possibility  of  an  advantage 
accruing  to  the  transplant  from  induced  splenic  insufficiency, but 
indicate that if splenectomy is of aid it must be looked for by fre- 
quent examinations within the first 30 days, since by that time the 
developed immunity has destroyed any possible evidence. 
Thyroidectomy and partial  or  complete adrenalectomy combined 
or separate likewise have no noteworthy effect on delaying destruc- 
tion of the grafts and, therefore, probably on the degree of immunity 
developed.  In  this  connection it may be pointed  out  that  Gates  ~ 
was  unable  to  detect  any  noteworthy difference in  the  degree  of 
immunity  to  sheep  erythrocytes  and  typhoid  bacilli  obtained  in 
guinea pigs with and without partial removal of the adrenal glands. 
We have found  ~ that thyroidectomy and splenectomy alone or com- 
bined  have  no  marked  effect on  the  antibody  formation following 
injection  of  sheep  erythrocytes in  rabbits.  Bullock  and  Rohden- 
burg  s find  that  splenectomy has  no  influence on  the  immunity  to 
transplanted tumors. 
• s Gates, F. L., Antibody production after partial adrenalectomy in guinea pigs, 
J. Exp. Med., 1918, xxvii, 725. 
7 Unpublished results. 
8 Bullock, F. D., and Rohdenburg, G. L., Splenectomy exerts no appreciable 
influence upon immunity against transplanted tumors, J. Cancer Research, 1917, 
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A utotrans plantation. 
The data concerning these experiments are given in Tables II and 
III.  Usually two fragments were transplanted, one to the right and the 
other to  the left of the umbilicus,  and designated as right and left 
transplants.  In  the  six  experiments  reported  in  1917 one  failed 
and  in  the  present  series  one  failed.  This  was  due  to  !nfection. 
Failure  of  autografts  to  take  always  indicates  some  gross  tech- 
nical  error.  Some of  these rabbits  had been used  for homeotrans- 
plantation  of  other  tissues--adrenal,  thyroid,  and  sex  glands. 
Previous or coincident homeografts have no demonstrable effect on 
the taking or growth of autografts.  The subsequent course of these 
autografts was followed and  it  was found to be modified by several 
factors,  the  most  striking  of  which  are  age  and  partial  or  total 
removal of the spleen. 
Effect of Age.--The  experiments have been arranged in Tables II 
and  III  according to  the age at  the time of transplantation.  The 
youngest rabbit used was 26 days old and  the oldest whose age was 
definitely known was  320  days;  one  other  is  listed  as  586+  days 
because it had been in the laboratory for this length of time before 
being utilized for this purpose.  A maximum of three examinations is 
given in the tables,  although in several instances five, six,  and more 
examinations have been made.  A  consideration of the  series  as  a 
whole shows a distinct decrease in the amount of growth of the trans- 
plants as one passes from the youngest to  the oldest rabbits of the 
series, although other factors remained as constant as possible.  The 
greatest and most rapid growth of transplants occurred in the young- 
est rabbits,  also the least growth in the oldest.  While this decrease 
with age in the rate and amount of growth is gradual, the differences 
become striking about the 4th to 5th month.  In our series the first 
instance  of  failure  to  obtain  marked  growth  was  in  a  rabbit  132 
days old.  The remaining ten rabbits,  167  or more days old at the 
time of transplantation, failed to show marked growth.  This change 
in  the rate  of growth corresponds roughly with  the time of sexual 
maturity  or  early  adult  life.  There  is  a  suggestion  that  in  adult 
rabbits transplants that in the 1st month showed some growth tended 
to involute or undergo atrophy later.  This  tendency to atrophy or DAVID  MA~IRrE  AND  O.  T.  MA_N'LEY  123 
involution was not seen in young rabbits with transplants of similar 
duration.  As  suggested in  a  previous note  s  two  factors  (possibly 
others)  may be  considered.  The first is  that  growth of the trans- 
plants is a part of the normal growth of the animal and ceases when 
physical  growth  is  complete.  This  possibility is  disproved by the 
fact  that such transplants fail  to show marked growth even in  the 
young if the spleen is not removed.  The second factor would pre- 
suppose that the value of the spleen to the organism decreases with 
age and that after adult life whatever functions the organ normally 
has  may be  assumed by  other  tissues,  possibly lymph glands and 
bone marrow.  This view is supported by the results obtained by the 
removal of the spleen which follow. 
Effect of Partial and Complete Removal of tile Spleen  on Autografis. 
--The data of these fifteen experiments are given in Table III.  The 
amount of  spleen  removed  and  the  dates  are  given in  the  table. 
Usualiy less than 0.5 cm. of the anterior portion was removed at the 
time of transplantation?  The youngest rabbit with partial removal 
of  spleen  and  transplantation was  52  days  old  and the oldest 124 
days.  The same differences in the growth of transplants, dependent 
upon age and independent of amount of spleen removed, are noted as 
in Table II.  Thus  in  No.  1,  a  52  day  old  rabbit  in  which one- 
fourth of the spleen was removed, the transplants  were  +  +  at  80 
days and +  +  +  at 177 days, while in No. 15, a 124 day old rabbit in 
wh'ch one-eighth of the spleen was removed, no growth took place in 
132  days.  Between  these  extremes  there  is  the  same  evidence of 
gradation of growth dependent upon age as shown in Table II.  There 
is  no instance of a  very young rabbit  with a  minimum amount of 
spleen  removed.  Such  experiments  would  show  whether in  the 
absence  of  splenic  deficiency  marked  growth  could  occur.  This 
question, however, is clearly answered in the negative for 52 day old 
rabbits by Experiments 1, 2, and 3, in which all were from the same 
litter.  Two had about one-fourth of the spleen removed at the time 
of transplantation and at the first examinations 80 and 52 days later 
both were  +  +, while the third, which had only one-eighth of  the 
9 There are considerable variations in  the  size of the spleen in  apparently 
healthy rabbits, just as in other animals, which cannot be accounted for with our 
present knowledge of physiology and pathology. 124  TRANSPLANTATION  OF  SPLEEN.  III 
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spleen removed, was only  +  at the first examination 80 days later. 
The remainder of the spleen in this rabbit was then removed and at 
177  days the transplants  were +  +  +  +,  while the first two which 
did not have the remainder removed were only  +  +  +  at 177  days. 
The same reaction is seen in Experiments 4 and 5, little if any growth 
occurring  until  the  spleen  was  removed,  when  a  marked  growth 
promptly took place.  The effect of splenic deficiency in stimulating 
the growth of transplants is striking, as is shown either by comparing 
animals of similar ages with and without partial removal or by com- 
paring the growth of the transplants before and after total splenec- 
tomy in  the  same  animal.  The  stimulus  for this increased growth 
must  be  chemical in  nature  and  must  operate  through  the  blood 
stream.  The compensatory hyperplasia of the stump following par- 
tial removal of the gland cannot be separated from a  possible nerve 
influence.  The method of transplantation clearly demonstrates that 
specific  nerves  are  not  necessary for  this  reaction.  Some  investi- 
gators have not been able  to  obtain  compensatory hyperplasia even 
of the stump in situ following partial removal, or of the thyroid, whose 
functions so far as we know cannot be assumed by any other tissue, 
and have doubted its occurrence, while others have no difficulty in 
demonstrating the effect even in  transplants.  In the work of Hal- 
sted  t°  and  Hunnicut  n  on  the  thyroid their failure to obtain com- 
pensatory hyperplasia was probably due to their failure to induce a 
thyroid insufficiency, in the production of which two factors of the 
utmost importance are involved; v/z., the amount of thyroid removed 
and the presence of available iodine.  Loeb  1.  recently published  his 
results on Compensatory hypertrophy of the thyroid following partial 
removal in guinea pigs.  He found that compensatory hypertrophy 
occurs, though it is  necessary to  remove nearly all  the gland.  We 
have found that in rats,  rabbits,  and guinea pigs it is necessary to 
10 Halsted, W. S., Hypertrophy of the thyroid gland.  Revision  of experiments 
made 25 years ago, Proc. Soc. Exp. Biol. and Meal., 1912-13, x, 111. 
n Hunnicnt, J. A., The absence of hyperplasia of the remainder of the thyroid 
in dogs after piecemeal removal of this gland.  Auto-transplantation of the thy- 
roid in partially thyroidectomized animals, Am. I. Med. So., 1914, cxlviii, 207. 
t~ Loeb, Leo, Studies on compensatory hypertrophy of the thyroid gland.  I, 
J. Med. Research, 1919, xl, 199. DAVID  MARINE  .AND O.  T.  MA..NLEY  13I 
remove  relatively  more  thyroid  in  order  to  obtain  compensatory 
hyperplasia of the remaining stump than in cats and dogs, and in all 
cases  available  iodine  must  be  excluded because  of  its  inhibitory 
effect.  18  We believe that Loeb would have obtained more constant 
results had he in all instances allowed an interval of 30 days for com- 
pensatory hyperplasia to take place. 
Histology of the  Transplants.--This  has been described  elsewhere  1 
and only brief mention of certain features need be made.  Many of 
the transplants have reached 5 or 6 ram. in diameter (intracapsular 
measurements).  They have all the general characteristics of normal 
spleen,  both  as  to  the  number  of  component structures--capsule, 
trabeculm, lobules, Malpighian bodies, pulp, sinuses, blood pigment-- 
and  their  relation  to  each  other.  No  attempt has  been  made  to 
demonstrate the presence or absence of smooth muscle fibers in the 
capsule  and  trabeculm.  Apart  from  this  the  spleen is  capable  of 
complete regeneration.  These studies indicate that while anatomi- 
cally the spleen is very complex, biologically all the major  elements 
are  simple  and  endowed  with  uniform  and  marked  regenerative 
capacity. 
Permanence  of Spleen  Grafls.--Most  of  the  experiments were ter- 
minated within a  year.  Two  rabbits  (Nos. 16  and  22)  have been 
allowed  to  survive and  at  the examination on March  1,  1920 the 
transplants in each were found active and very vascular--l,181  and 
1,062 days respectively.  They are possibly slightly smaller than  at 
the  second  examination  290  and  176  days  after  transplantation. 
Both rabbits were young at the time of transplantation and in both 
complete splenectomy was performed, thus insuring growth of the 
transplants.  Both  rabbits  are  still  strong  and  active.  One  can 
conclude,  therefore,  that  spleen  autografts  made  under  conditions 
which  insure  good  initial  growth  are  permanent.  There  appears, 
however, to be a slight involution or atrophy with age even in splen- 
ectomized rabbits,  and, as already pointed out, transplants made in 
old  rabbits  without  splenectomy  may  in  time  (several  months) 
undergo  complete  atrophy.  Our  experiments with  autotransplan- 
13 Marine, D., and Lenhart, C. H., Colloid  glands (goiters): their etiology  and 
physiological significance, Bull. Johns Hopkins Hosp., 1909, xx, 131. 132  TRANSPLANTATION  OF SPLEEN.  HI 
tation of the ,spleen and  also  of  the  thyroid  show that  at  least  an 
anatomical deficiency is  not necessary in order that transplants may 
take and remain active for several months.  Growth of these grafts, 
however, usually does  not  occur  unless  there  is  a  physiological in- 
sufficiency ~vhich may exist independent of the amount of functionally 
active  organ.  Loeb  and  Hesselberg  14  have  also  shown  that  tl~e 
taking of transplants is independent of a  phys~.ological  insufficiency. 
Halsted,  15  working  with  the  parathyroid,  concluded  that  it  was 
necessary to  induce  a  physiological insufficiency in  order  to obtain 
successful  transplants. 
Reaction  of the Grafts  in  Acute  Infections.--No  experiments have 
been made relative to  this  point.  In a  few instances in which the 
rabbits died of pneumonia, the transplants were markedly congested, 
and  in  one  rabbit  (Experiment  19)  which  died  of Pneumonia  ,  the 
transplants  at  autopsy were soft,  engorged with  blood,  and mic[o- 
scopic examination showed increase in  pulp  cells.  In  the ordinary 
sporadic cases of pneumonia in rabbits the reaction of the spleen is so 
variable and even in healthy rabbits there are such variations that it 
would be necessary to carry out a  series of experimentally controlled 
infections to obtain definite data. 
SUMMARY. 
No  instance  of  survival  of spleen homeografts beyond the  usual 
taking and persistence for 1 or 2 weeks common to most homeografts 
ihas been observed, although the possible advantages of Consanguinity, 
age, and splenectomy were fully utilized.  This is in sharp contrast to 
thyroid, sex gland, and adrenal cortex homeografts, with which one 
may expect 10 per cent to  survive the 30  day period.  It suggests 
that spleen is a  stronger antigen and excites a  greater degree of im- 
munity more quickly.  With autografts survival and growth are the 
rule,  and failures are due to  technical errors.  Age is  an important 
factor  in  the  growth  of  autografts.  The  younger  the  rabbit  the 
14 Loeb, Leo, and Hesselberg,  C., Studies on compensatory hypertrophy of the 
thyroid gland.  II, J. Med. Research, 1919, xl, 265. 
15 Halsted, W.  S.,  Auto- and isotransplantation, in dogs, of the parathyroid 
glandules, J. Exp. Meal., 1909, xi, 175. DAVID  MARIXq'E AND  0.  T.  MANLEY  133 
more growth is aided.  This beneficial effect decreases gradually and 
becomes negligible after sexual maturity.  Removal of the spleen is 
a powerful stimulus to the growth of transplants.  The effect varies 
inversely with the age and usually is negligible after sexual maturity. 
The influence of age and splenectomy suggests that the spleen is most 
important  in  early  life  and  after  sexual  maturity  is  either  unim- 
portant  or  its  functions may  readily  be  assumed by  other  tissues 
(hematopoietic).  Anatomically the spleen is a highly complex struc- 
ture, but biologically all the major elements of the spleen are simple 
as  indicated  by  the  uniform  and  marked  regenerative  capacity. 
There is a  tendency for grafts to involute or atrophy with age, and 
grafts made in old rabbits without removal of the spleen may undergo 
complete atrophy.  Grafts made in young rabbits,  accompanied by 
splenectomy, have been observed for more than 3 years and may be 
said  to  be  permanent.  There  is  some  evidence that subcutaneous 
autografts react  to infections in  the same way as the intact spleen. 